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Background: In 2015, six indicators were proposed to evaluate global progress towards access to safe,
affordable and timely surgical and anaesthesia care. Although some have been adopted as core global
health indicators, none has been evaluated systematically. The aims of this study were to assess
the availability, comparability and utility of the indicators, and to present available data and updated
estimates.
Methods: Nationally representative data were compiled for all World Health Organization (WHO)
member states from 2010 to 2016 through contacts with official bodies and review of the published
and grey literature, and available databases. Availability, comparability and utility were assessed for each
indicator: access to timely essential surgery, specialist surgical workforce density, surgical volume,
perioperative mortality, and protection against impoverishing and catastrophic expenditure. Where
feasible, imputation models were developed to generate global estimates.
Results: Of all WHO member states, 19 had data on the proportion of the population within 2h of a
surgical facility, 154 had data on workforce density, 72 reported number of procedures, and nine had
perioperative mortality data, but none could report data on catastrophic or impoverishing expenditure.
Comparability and utility were variable, and largely dependent on different definitions used. There were
sufficient data to estimate that worldwide, in 2015, there were 2 038 947 (i.q.r. 1 884 916–2 281 776)
surgeons, obstetricians and anaesthetists, and 266⋅1 (95 per cent c.i. 220⋅1 to 344⋅4) million operations
performed.
Conclusion: Surgical and anaesthesia indicators are increasingly being adopted by the global health
community, but data availability remains low. Comparability and utility for all indicators require further
resolution.
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Introduction
Surgical, obstetric and anaesthesia care (hereafter referred
to as surgical care) are core components of a functional
healthcare system, yet improving access to these essential
services has not been a priority in global health. Rec-
ognizing the need to improve access to safe, affordable
and timely surgical care, the Lancet Commission onGlobal
Surgery1 brought together providers, academics and pol-
icymakers from 110 countries to describe the current state
of surgery globally and chart a route for improvement. In
the Commission report2 were two key recommendations:
for countries to develop National Surgical, Obstetric
and Anaesthesia Plans, and for stakeholders to track and
report core surgical indicators to assess progress, identify
opportunities to improve access and quality of care, and
advocate for those in need2,3.
As surgery is a treatment modality for diverse condi-
tions, its effective assessment demands indicators that cap-
ture health system dimensions of capacity, service delivery
and outcomes. The Commission identified six core indica-
tors – with targets – for monitoring access to, delivery of,
and outcomes from surgical care (Table 1).
Some of these indicators have now been included among
the WHO 100 Core Global Health Indicators5 and the
World Bank’s World Development Indicators6,7. WHO
member states have called repeatedly for increased data
collection through the World Health Assembly in support
of the Sustainable Development Goals8–10. In proposing
these indicators, there was recognition of the need to eval-
uate them after a period of data collection to ensure that
they are useful and valuable for improving access to safe,
affordable and timely surgical care globally. The objectives
of this study were twofold. The first was to review the
indicators using the framework of availability, comparabil-
ity and utility. Availability is the number of countries with
nationally representative data, comparability is the number
of definitions used for each indicator, and utility is a dis-
cursive appraisal of whether the indicator as collected and
reported fulfils its intended purpose. The second objective
was to report the numerical results of each indicator for
each country using actual data or derived estimates, where
possible.
Methods
Data collection
During 2015 and 2016, nationally representative data from
194 WHO member states were collected through direct
contact with official bodies and by reviewing the published
and grey literature, as well as available databases. Request
letters (in English, Arabic, Chinese, French and Spanish)
were sent by e-mail to Ministries of Health with an avail-
able address. Where they did not respond or were not
able to provide the requested data, or where no e-mail was
available, United Nations and WHO offices, relevant sta-
tistical bodies, professional societies, and individual clini-
cians and academics were contacted. Up to three follow-up
e-mails were sent; where there was no response, contact
by telephone was attempted.
In addition, official websites of Ministries of Health,
statistical bodies and professional societies, and public
databases from the European Commission, Organisation
for Economic Co-operation and Development (OECD),
WHO and the World Bank were searched to identify data
on the six indicators. Finally, PubMed and MEDLINE
were searched using each country’s name along with the
following keywords and phrases: ‘surgery’, ‘procedures’,
‘national surgical volume’, ‘national surgical rate’, ‘access
to surgical care’, ‘surgeons’, ‘anaesthetists’, ‘anaesthesiolo-
gists’ and ‘obstetricians’. Referenced publications were also
reviewed and included when relevant.
Health and development indicators were retrieved from
the World Bank’s World Development Indicators6 and the
from the WHO Global Health Observatory11.
Inclusion criteria
Only nationally representative data aligning with the Com-
mission’s indicator definitions from the 194WHOmember
states for the years 2010–2016 were included.
Data review and selection
In reviewing availability, comparability and utility of indi-
cators, all data points that met inclusion criteria were
considered. Alternative indicator definitions were also
recorded. When presenting country-level results by indi-
cator, and for modelling purposes, the most recent
and reliable data point was selected, giving preference
to data reported by Ministries of Health and other official
national bodies.
Median (i.q.r.) values are used to describe indicators with
a non-normal distribution; results are shown by World
Bank income category6 and WHO region12. Statistical
analysis was performed in R (R Foundation for Statistical
Computing, Vienna, Austria).
Deriving each indicator
Indicator 1: access to timely essential surgery
Global Positioning System coordinates were sought
for hospitals listed as performing laparotomy, caesarean
section and open fracture repair (bellwether procedures2).
© 2018 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e138–e150
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Table 1 Six indicators to assess access to safe, affordable and timely surgical and anaesthesia care2
Indicator Definition
Indicator 1: access to timely essential surgery Proportion of the population living within 2h of a facility able to provide three critically essential
procedures – laparotomy, caesarean delivery and fixation of an open fracture – called the
bellwether procedures, as reflective of a facility’s ability to provide most other essential
surgical procedures. The target was 80% of the population within 2h of a facility able to
provide the bellwether procedures by 2030
Indicator 2: specialist surgical workforce density Number of physician specialist surgeons, obstetricians and anaesthetists actively working per
100 000 people. The target was a minimum of 20 providers per 100 000 people in 2030, based
on the provider density associated with declining maternal mortality
Indicator 3: surgical volume Total number of operations, defined as the incision, excision, or manipulation of tissue that
needs regional or general anaesthesia, or profound sedation to control pain4, carried out per
100 000 people per year. The target was 5000 operations per 100 000 population, determined
using three strategies to triangulate the number of operations needed
Indicator 4: perioperative mortality Number of in-hospital deaths following any procedure done in an operating theatre, divided by
the total number of procedures, presented as percentage (perioperative mortality rate).
In-hospital mortality was chosen over 30-day mortality to enhance feasibility globally. There
was no target set, but a recommendation that by 2020 at least 80% of countries should track
data on perioperative mortality, and 100% by 2030
Indicator 5–6: protection against impoverishing
and catastrophic expenditure
Proportion of the population who, if they needed a surgical operation, would be protected
against impoverishing (pushing the household below the poverty level), or catastrophic
(equalling more than 40% of household income, excluding subsistence needs) expenditure.
The target selected was 100% protection from impoverishing or catastrophic expenditure
related to accessing surgical and anaesthesia care by 2030
Whether these procedures were performed was not
validated further. A previously published methodology for
calculating the proportion of the population within 2 hours
of these facilities was employed13. For countries with data,
facility coordinates were plotted using Redivis (Redivis,
Palo Alto, California, USA)14, an online data visualization
platform. A 2h catchment area was calculated based on
road network data from OpenStreetMaps15 by assigning
approximate travel speeds of 100, 50 and 30 km/h based on
the type of roadway. Areas without roadways were assigned
an average walking speed of 5 km/h. The proportion of
the total population in 2013 (the latest year for which data
were available in 2016) within 2h was calculated using
WorldPop16, a global population distribution database,
and tabulated as a percentage.
Indicator 2: specialist surgical workforce density
Data were compiled on the total number of specialist
physician surgeons, obstetricians and anaesthetists actively
working by country. For countries with multiple data
points, the most recent and reliable data point was selected
based on a hierarchical approach (Table S1, supporting
information). The number of providers in each of the three
categories was divided by the total country population in
the corresponding year to calculate number of providers
per 100 000 people, presented separately and as the sum of
all three provider categories.
The number of providers was estimated for coun-
tries without primary data using a previously employed
methodology17 based on a set of 16 health system and
development indicators (Table S2, supporting informa-
tion). Multiple imputation was used to estimate missing
data for 2015, generating 100 imputations to estimate
the number of providers per 100 000 people. Due to the
non-normal distribution of imputed values, median and
i.q.r. are used to describe the data.
Indicator 3: surgical volume
Data were compiled on the total number of procedures
performed in an operating theatre per country. For coun-
tries with multiple data points, the most recent and reliable
data point was selected based on a hierarchical approach
(Table S3, supporting information). The total number
of procedures was divided by total population for the
corresponding year.
To estimate the number of procedures done in 2015,
a model was developed based on the method proposed
by Weiser and colleagues18. The Spearman correlation
between surgical volume and five country-level variables
was analysed (total population, life expectancy, percentage
urbanization, gross domestic product per capita and total
health expenditure per capita), from which health expen-
diture was selected as the explanatory variable (Table S4,
supporting information). If health expenditure data were
not available for 2015, values were extrapolated from
2010–2014 by adjusting for inflation using the Consumer
Price Index19. Countries without data during that time
interval were excluded from the analysis. Matching health
expenditure by country and year with available surgical vol-
ume data, spline models were built with zero, one, two
© 2018 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e138–e150
on behalf of BJS Society Ltd.
Collection, comparability and findings of six global surgery indicators e141
100
75
50
% 
of
 p
op
ul
at
io
n
25
0
An
do
rra
Au
str
ia
Be
lgi
um
Cy
pr
us
La
tvi
a
Lit
hu
an
ia
M
on
ac
o
Sr
i L
an
ka
Fi
nla
nd
Sw
ed
en
Be
liz
e
Ice
lan
d
Th
e 
Ne
th
er
lan
ds
M
or
oc
co
Za
m
bia
M
on
go
lia
Se
yc
he
lle
s
Va
nu
at
u
St
. V
inc
en
t a
nd
 G
re
na
din
es
Fig. 1 Proportion of population within 2h of a facility able to provide laparotomy, caesarean section and open fracture repair
and three inflection points. As these yielded similar results,
the model with two inflection points was selected to align
with the previous study18 for comparability. For countries
with available surgical volume data from 2010–2014, the
volume of surgery in 2015 was estimated using the spline
model with two inflection points and treating 2015 vol-
ume of surgery as missing. Volume reported in 2016 was
assumed to be equivalent to that in 2015 (the year for which
health expenditure data were available). Using the result-
ing data set, missing surgical volume data were imputed
for countries with no data available; 300 imputations were
done to calculate national estimates and an estimated total
global volume with 95 per cent confidence intervals.
Indicator 4: perioperative mortality
Data were sought on the number of deaths following
surgery and volume of surgery for the corresponding year.
Mortality data that pertained to only a subset of pro-
cedures or used estimated rather than empirical values
were excluded. The definition of perioperative mortality
used was also recorded. As the target for this indicator
was for a country to collect data, only whether data were
found and the definition used, not the exact perioperative
mortality value by country, is presented here.
Indicators 5–6: protection against impoverishing
and catastrophic expenditure
Data were sought on the cost of the bellwether proce-
dures at first-level and tertiary-level hospitals within each
country. It was intended to compute an update of previous
analyses by Shrime and co-workers20–22 regarding the pro-
portion of the population protected against impoverishing
and catastrophic expenditure.
Assessment of utility
The authors held one meeting in person to appraise
the results and discuss the utility of each indicator in terms
of fulfilment of its intended purpose. Further discus-
sions were held via e-mail and Skype until agreement was
reached.
Results
Summary data for all indicators are presented in Table 2.
Indicator 1: access to timely essential surgery
Data were available from 12 countries for 2015 and nine
countries for 2016. Two countries had data fromboth years.
In total, 19 countries were included (Fig. 1), with a major-
ity of data coming from Ministries of Health (Table S5,
supporting information). There were 12 high-income,
two upper-middle-income and five lower-middle-income
countries. No low-income countries provided data. Only
Vanuatu, a lower-middle-income country, fell below the 80
per cent target, and 12 of the 19 countries had 95 per cent
or more of the population residing within 2h of a facil-
ity listed as performing the three bellwether procedures
(Fig. 1).
Regarding utility, to bemeasurable this indicator requires
identification of facilities capable of performing bellwether
procedures, knowledge of local road speeds, and distri-
bution of the population relative to facilities. The lack
of precise definitions of two of the three bellwether pro-
cedures (laparotomy and open fracture repair), and the
meaning of ‘capable’, provide challenges to both util-
ity and comparability. There are further issues with esti-
mating travel time to facilities as road speeds may vary
depending on many factors. Finally, this indicator does
not capture whether patients actually receive care, but
simply whether they could travel to a facility where care is
provided.
© 2018 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e138–e150
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Table 2 Findings by indicator related to availability and comparability
Indicator
Availability
(no. of countries)
Comparability
(list of definitions found)
Indicator 1: access to timely essential
surgery
19 Hospitals providing bellwether procedures
Any hospital type
Indicator 2: specialist surgical
workforce density
154
(166 with data on any of
the 3 categories)
All licensed specialist surgeons, anaesthetists and obstetricians*
All licensed specialist surgeons, anaesthetists and obstetricians including
trainees
Surgical group of specialists (including surgeons, anaesthetists and emergency
physicians)
Indicator 3: surgical volume 72 All procedures done in an operating theatre
All inpatient procedures done in an operating theatre
Specific set of procedures
Indicator 4: perioperative mortality 9
(28 using any definition of
postoperative mortality)
30-day postoperative mortality rate
In-hospital postoperative mortality rate
Not specified
Indicator 5–6: protection against
impoverishing and catastrophic
expenditure
0
(186 modelled)
–
*This definition can be subdivided further depending on whether the source included ophthalmologists, maxillofacial surgeons, and ear, nose and throat
specialists in the surgeon category; intensivists in the anaesthetics category; and gynaecologists in the obstetrician category.
Indicator 2: specialist surgical workforce density
A total of 3615 data points were found from 183 coun-
tries, including data from eight different but overlapping
databases (Tables S6 and S7, supporting information). Data
were found on all three specialties from 154 WHO mem-
ber states (Fig. 2a), and data on one or two specialties
were found from an additional 12 countries, together rep-
resenting 86 per cent of all WHO member states and
74 per cent of their population. Considering comparabil-
ity, three different general definitions were identified, in
addition to local variations at the country level (Table 2;
Table S8, supporting information), and as much as a 300
per cent difference in the numbers of providers between
data sources from the same country and the same or adja-
cent years was noted. The two WHO European Regional
Office databases23,24 contained data on ‘Surgical group of
specialists’, which includes emergency medicine and anaes-
thetists. These were excluded from global estimates of
provider numbers, except where the number of emergency
medicine and anaesthetic physicians could be identified
separately and subtracted from the total number.
In countries with available data, the median num-
ber of specialist physician surgical, anaesthesia and
obstetric providers was 68 (i.q.r. 49–90) per 100 000
in high-income countries, 24 (11–55) per 100 000 in
upper-middle-income countries, 4 (2–15) per 100 000
in lower-middle-income countries, and 0⋅7 (0⋅4–1⋅7)
per 100 000 in low-income countries (Table S9, sup-
porting information). Based on estimates for 2015,
there were 2 038 947 (i.q.r. 1 884 916–2 281 776) sur-
geons, obstetricians and anaesthetists globally in
2015, or 1 097 052 (1 007 340–1 235 323) surgeons,
576 749 (529 595–637 836) obstetricians and 365 146
(347 981–408 617) anaesthetists (Fig. 2b; Table S10,
supporting information); 100 of the 194 WHO mem-
ber states were below the threshold of 20 providers
per 100 000 people (Tables S11 and S12, supporting
information).
Concerning utility, the main limitation was the lack of
comparability resulting frommultiple definitions. Further-
more, this indicator has not been disaggregated to cap-
ture more granular aspects such as provider productivity,
age, public or private sector activity, or geographical dis-
tribution. All are useful for national planning, although
such granular data are less feasible to collect for global
benchmarking. It was also noted that this metric does not
capture non-specialist providers (general physicians and
non-physicians), nor the supporting staff needed to pro-
vide surgical services; however, others25–27 are working to
ensure that these groups are counted and recognized.
Indicator 3: surgical volume
A total of 1221 data points were found from 102 coun-
tries. After removing data that did not meet inclusion
criteria, 72 countries remained, corresponding to 37 per
cent of WHO member countries and 39 per cent of the
global population (Fig. 3a; Table S13, supporting informa-
tion). There were five different but overlapping databases
using three different definitions of surgical procedures
(Table 2; Tables S14 and S15, supporting information). No
data from theOECD and Eurostat databases were included
© 2018 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e138–e150
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Density (per 100 000 population)
a  Member states with available data
b  No. of specialists
< 1·00
1·00–14·99
15·00–39·99
No data
n.a.
40·00–59·99
60·00–99·99
≥ 100·00
Density (per 100 000 population)
< 1·00
1·00–14·99
15·00–39·99
n.a.
40·00–59·99
60·00–99·99
≥ 100·00
Fig. 2 Specialist surgeons, obstetricians and anaesthetists per 100 000 people. a WHO member states with complete data on specialist
surgeons, obstetricians and anaesthetists, 2010–2016, and b estimated number of specialist surgeons, obstetricians and anaesthetists per
100 000 people in WHO member states in 2015. n.a, Countries or territories that are not WHO members and therefore excluded from
the data
as these sources did not present the total number of proce-
dures but rather the number of procedures for specific sets
of operations.
In countries with available data, the median number
of operations was 7579 (i.q.r. 5014–10 891) per 100 000
people in high-income countries, 3375 (2034–12 352)
per 100 000 in upper-middle-income countries, 2445
(1012–4731) per 100 000 in lower-middle-income coun-
tries and 328 (231–513) per 100 000 in low-income
countries (Table S16, supporting information).
© 2018 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e138–e150
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Operations per 100 000 population
a  Member states with available data
b  No. of operations
< 1000
1000–2999
3000–4999
No data
n.a.
5000–6999
7000–9999
≥ 10 000
Operations per 100 000 population
< 1000
1000–2999
3000–4999
No data
n.a.
5000–6999
7000–9999
≥ 10 000
Fig. 3 Annual number of surgical operations per 100 000 population. aWHO member states with available data on annual number of
surgical operations, 2010–2016, and b estimated number of surgical operations per 100 000 population in WHO member states in
2015. n.a, Countries or territories that are not WHO members and therefore excluded from the data
Of the five country variables tested against national
surgical volume, health expenditure stood out as the most
significantly correlated variable (Spearman’s rS = 0⋅724;
P< 0⋅001) (Table S4, supporting information) and was
used to develop the spline model employed to estimate the
global volume of surgery (Fig. S1, supporting information).
In 2015, an estimated 266⋅1 (95 per cent c.i. 220⋅1 to 344⋅4)
million operations were done worldwide (Fig. 3b;Table S17,
supporting information). Somalia and Democratic Peo-
ple’s Republic of Korea were excluded owing to lack
© 2018 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e138–e150
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of health expenditure data. Based on these estimates,
90 of the 194 WHO member states are below the
Commission’s recommended target of 5000 operations
per 100 000 people (Tables S18 and S19, supporting
information).
Concerning utility, a major challenge is the numerous
definitions of surgical procedure18,28 as well as different
procedure classification systems29–31. There are particular
challenges capturing surgical volume in the private sector.
It was also noted that the definition put forward by the
Commission does not take into account differing country
need28.
Indicator 4: perioperative mortality
Nationwide data on number of deaths following opera-
tions were available from 28WHOmember states (Table 2;
Table S20, supporting information). Concerning compara-
bility, there were two different definitions used: nine coun-
tries relied exclusively on in-hospital mortality, seven used
30-day mortality and 12 provided no definition. With-
out information on case mix and preoperative patient risk,
comparability would remain limited, and potential to game
this indicator and achieve targets by doing low-risk pro-
cedures on fit patients would be high. The utility of this
metric for benchmarking is limited primarily by data avail-
ability; however, comparability would be likely to influence
utility even if data were available more widely.
Indicators 5–6: protection against impoverishing
and catastrophic expenditure
No data determined to be nationally representative of the
out-of-pocket cost of surgery were found, a prerequisite
for calculating these metrics. Data were provided from five
countries on the provider costs of surgery, which showed
large variation between types of surgery and between
sources (Table S21, supporting information)20,21. Compa-
rability and utility could not be assessed without available
data; indeed, without any data, the indicators are of no use.
However, in principle, these indicators are of huge value in
assessing progress towards universal health coverage.
Unfortunately, there were not enough data points to
allow updated modelling of these indicators.
Table 3 Recommendations by indicator
Recommendations
Data collection, reporting and
indicator review
Data should be requested of Ministries of Health, collected by the WHO, and made public through the
Global Health Observatory and shared to the World Bank World Development Indicators through a formal
data-sharing agreement
Data should be compiled and presented every 2 years as a report to the World Health Assembly to facilitate
tracking of process
Indicators should be reviewed regularly by an international group of experts
Countries should encourage improved data collection and use as part of National Surgical, Obstetric and
Anaesthesia Plans
Indicator 1: access to timely essential
surgery
The indicator should be renamed to Geographic Access to Surgical Facilities
Definition and method of verification of surgically capable facility should be refined in a consultative
process; e.g. facilities that have performed bellwether procedures in past 3months as verified in logbooks
2h travel distance calculations should be refined to take into account local context
Indicator 2: specialist surgical
workforce density
Definition of specialist surgical providers should be kept and aligned with WHO National Health Workforce
Accounts
Possibility of collecting data on non-specialist/non-physician providers should be evaluated
The need for nationally appropriate workforce targets should be emphasized
Global targets should be reviewed through a consultative process
Indicator 3: surgical volume Basic reporting on total number of operations performed in an operating theatre should be encouraged
Identifying a representative sample of operations with relatively consistent indications and a more
homogeneous demographic to complement the total volume indicator should be evaluated using a
consultative process
Indicator 4: perioperative mortality Collection and use of data at facility level should be encouraged
Next steps should be clarified through a consultative process, possibly taking advantage of the
above-mentioned representative sampling of operations to make assessment more meaningful
The Commission’s target of 80% of countries tracking perioperative mortality rate by 2020 should be
endorsed
Indicator 5–6: protection against
impoverishing and catastrophic
expenditure
Surgery should be integrated into and aligned with a broader research agenda for financial risk protection in
healthcare
A robust and feasible methodology for collecting out-of-pocket cost of surgery should be developed and
tested; exploring new and existing tools (Demographic and Health Surveys and Multiple Indicator Cluster
Surveys)
As there is significant overlap, only one of the two indicators should be selected for reporting
© 2018 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e138–e150
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Discussion
Although progress has been made, there are still major
hurdles to overcome for these six indicators to be useful
and valuable global health metrics. This study has shown
that availability is generally poor; only one indicator (work-
force) had data from more than half of the WHO member
states, and two (protection against catastrophic and impov-
erishing expenditure) had virtually no data. Comparability
is likewise limited, with many countries and organizations
having differing definitions of indicators and their com-
ponents. Utility is subjective; however, the authors were
in agreement that the utility of some of the indicators is
limited, in particular access to timely essential surgery. The
lack of precise definitions for each indicator and its compo-
nents also hampers their utility. Indicators are most use-
ful when considered together and not in isolation. The
authors’ main recommendations are summarized in Table 3.
Most low- and middle-income countries are not reach-
ing targets for workforce or number of operations done.
Whether the targets are set too high is a necessary point for
review. There were too few data points to allow more com-
prehensive conclusions about 2h access, in-hospital peri-
operative mortality, or protection from impoverishing and
catastrophic expenditure.
The access to timely essential surgery indicator, as stated,
does not truly reflect whether patients can access services,
as geographical proximity is just one dimension of access.
Nevertheless, it is easily measurable and does provide some
top-level indication of access. For countries with data, most
people appear to be within 2h of a facility able to provide
the bellwether procedures. Two studies32,33 using similar
methodology, but without taking into account the capac-
ity to provide bellwether procedures, found that, from
47 and 48 countries across Africa respectively, 71–92 per
cent of the population were within 2h of a hospital. How-
ever, using methodologies that measure local travel time
to facilities more precisely, other studies have found con-
siderably lower proportions of the population within 2h of
a facility. The current methods of estimating travel time
to facilities may not reflect on-the-ground reality34. Geo-
graphic Information System methods do not account for
lack of, or breakdowns in, transport, the impact of road
traffic, seasonal effects on travel speeds, or referral pat-
terns between hospitals providing appropriate care. With-
out validation, whether ability to provide bellwether pro-
cedures reflected these operations could not be assessed. In
the maternal health community, emergency obstetric and
neonatal care capability is ascertained by logbook review35,
and facility capacity is assessed in terms of ability to serve
the patients in their respective catchment area36–39. Such
methodologies for capturing true service provision for
surgery are feasible but would require greater country-level
investment in, and commitment to, primary data collec-
tion. Until more commitment is secured, the authors rec-
ommend renaming this indicator geographic access to sur-
gical facilities.
The workforce indicator was the most well defined and
readily available, perhaps reflective of the fact that coun-
tries have been tracking workforce for a number of years17.
Number of surgeons has been proposed as a component of
measuring the Sustainable Development Goals10, and sur-
gical workforce has been included in the WHO National
Health Workforce Accounts handbook40. However, this
study shows that this indicator also faces challenges in its
comparability and hence utility. For example, subspecial-
ties included in the definition of surgeon are highly vari-
able, and some databases include trainees or non-physician
providers along with specialists. It was also recognized that
using the current Commission definition of this indica-
tor under-represents the workforce contributing surgical
care41–47. For the purposes of comparability and bench-
marking, a more uniform definition is needed40.
More countries with data on volume of surgery were
found (72) than reported previously (5648 and 6618), but
this still represents only two-fifths of the world’s popu-
lation. This study highlights issues with comparability
and utility, noting that volume alone may not reflect the
ability to meet country need. The proposed target of
5000 operations per 100 000 population remains subject to
manipulation, as it could be achieved by doingmany simple
procedures, rather than addressing actual population need.
Again, potential solutions can be found by looking to the
emergency obstetric and neonatal care community, where
estimates of population need for emergency obstetrics in
the past 3months are compared with logbooks to estimate
the met need49. In surgery, given the vast array of condi-
tions that require surgical care, such calculations may be
more complex, but have been done50. The estimated global
volume of surgery for 2015 was lower than the previously
published estimate for 2012 (although confidence intervals
overlapped). This is likely explained by the exclusion of
data from before 2010 and data where nationwide rates
were extrapolated from subnational data.
Perioperative mortality is probably the most widely
adopted indicator for surgical outcomes, so the inability to
identify national data was troubling. Concerns have been
voiced previously about the use of this indicator to pun-
ish or reward individuals or facilities, producing incentives
to selectively treat low-risk conditions. Similar arguments
around the unintended consequences of using periopera-
tive mortality were put forward when individual surgeons
were asked to report their mortality data in the UK and
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USA51,52. However, such reporting has become a routine
and accepted component of surgical monitoring. Although
this metric could provide an indication of quality when
appropriately risk-stratified and adjusted, without this it
cannot be used for comparative purposes. Research stud-
ies have shown that it is possible to determine risk53 by
adjusting for a relatively small number of co-variables54, so
it could be possible to refine this metric to improve compa-
rability and utility. The recent African Surgical Outcomes
Study55 and the GlobalSurg studies53,56 showed that large
international collaborative research efforts can feasibly col-
lect mortality information57. It is hoped that there will be
more acceptance of collecting perioperative mortality data,
particularly if they are used transparently to improve care.
Although the proportion of the population protected
from impoverishing and catastrophic expenditure has
been modelled previously for 186 countries20, no primary
national-level data were found. Some primary subnational
data have enabled estimation of these indicators20,58,59 but,
without country-level primary data, comparability and
utility of this indicator remain low. Primary data could
be obtained relatively simply by collecting information
on out-of-pocket cost of surgery through interviewing
samples of patients who have undergone surgery (exit
interviews) and using nationally representative sampling
strategies; household income data are likely to be collected
as part of monitoring for the broader universal health
coverage financing agenda. However, to use this metric
to monitor surgery as a component of universal health
coverage, it is essential to account for people who need
but do not access surgery, and to ascertain whether costs
are the limitation. More rigorous epidemiological studies
would enable calculation of these indicators and improve-
ment of their availability. That potentially life-saving
surgery results in an expenditure which is usually large and
unexpected makes it especially relevant for inclusion in
universal health coverage initiatives.
This study has important limitations. The data collection
interval was 2010–2016, and publication of the Commis-
sion report in 2015 and other global initiatives to improve
access to safe affordable surgical care in that year were an
incentive to collect data. Indeed, data collection is ongoing
(frequently driven by professional societies and researchers
rather than governments and multilateral organizations)
and, in some instances, new data have been published since
data collection for this study ended34,60,61. New data are not
always nationally representative, and have increased avail-
ability only marginally; challenges to comparability and
utility also remain. Although it is useful that data collec-
tion is continuing, this study provides important learning
for these increased efforts.
Another limitation of this study is that data quality was
not assessed by the authors. Data collected from official
sources and publications were assumed to be correct as is
standard practice for global health indicators; however, it is
possible that, if validated through primary research, some
data points might differ. Given the large number of individ-
ual data points (which would total 1164 data points per year
if all 6 indicators were collected in all countries), it would be
impossible to review data quality at the global level; instead,
quality assurance mechanisms may be needed at national or
regional levels. Finally, this study has mainly addressed fac-
tors related to the indicators themselves, rather than their
uptake and use for global, national or regional policy and
planning purposes. However, the availability, comparabil-
ity and utility of indicators are crucial to their use, and
they frequently underpin National Surgical, Obstetric and
Anaesthesia Plans62–65.
In this study, key gaps and opportunities have been iden-
tified for further development of the six indicators. The
authors propose that an independent international expert
group be created to review and update the indicators. Such
a process would help improve the availability and qual-
ity of data on surgical and anaesthesia care worldwide, a
crucial tool to improve access for the billions who lack it
today.
Because surgery as a health service is both diverse and
complex, a standard set of well defined, representative
procedures could be used across many of the indicators
to improve collectability and comparability. The concept
is similar to a market basket for calculating a consumer
price index; it could be adjustable, based on population
needs and technical advances, capture frequent health ser-
vice purchases (both in terms of costs as well as types
of operation performed), and be used to compare health
commodities (relative proportions of procedures as well
as surgical outcomes) across countries and settings. This
would expand the bellwether procedures list to add more
precision to the collection of surgical information, and
would allow improved assessment of specific indicators,
such as financial risk protection, perioperative mortality
and volume. It would also be more useful for health sys-
tem planning around surgical services. Defining such a sur-
gical basket that has relevance across countries, or clus-
ters of countries in groups with similar income, and for
which indicators can be captured, requires further work and
discussion.
Despite multiple calls for more data collection around
surgery2,4,8,9, none of the indicators is being collected
routinely and reported to the WHO. Instead, academics,
societies and non-governmental organizations have been
compiling and providing data on surgical and anaesthesia
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care. To be sustainable, data collection needs to be valued,
and driven by ministries and multilateral health organiza-
tions, and supported by professional societies, academics
and individual providers. With improved definitions, col-
lection and aggregation, these indicators can play an even
greater role in improving access to safe, affordable and
timely surgical, obstetric and anaesthesia care.
Acknowledgements
T.G.W. and J.D. are joint senior authors of this article. The
authors acknowledge the contribution of numerous indi-
viduals and institutions in providing data on the indicators,
and that of their contributors in collecting and compiling
data over the past 3 years. They especially thank S. Ullén,
Senior Statistician at Skane University Hospital in Lund,
Sweden, for her support with updatedmodelling of the vol-
ume of surgery and surgical workforce.
H.H. was salaried by King’s College London for part
of the research. The authors had one physical meeting in
November 2017, hosted by the University of Edinburgh,
with travel expenses covered by King’s College London.
Support for statistical analysis was funded by the WHO
Collaborating Centre for Surgery and Public Health at
Lund University.
L.H., A.J.M.L. and J.G.M. were Commission Chairs, and
M.G.S., T.G.W. and J.D. were co-authors of the Lancet
Commission on Global Surgery. K.S. is an Editor of BJS,
but had no involvement in the decision to accept this
manuscript.
Disclosure: The authors declare no conflict of interest.
References
1 Meara JG, Hagander L, Leather AJM. Surgery and global
health: a Lancet Commission. Lancet 2014; 383: 12–13.
2 Meara JG, Leather AJ, Hagander L, Alkire BC, Alonso N,
Ameh EA et al. Global Surgery 2030: evidence and solutions
for achieving health, welfare, and economic development.
Lancet 2015; 386: 569–624.
3 Shawar YR, Shiffman J, Spiegel DA. Generation of political
priority for global surgery: a qualitative policy analysis.
Lancet Glob Health 2015; 3: e487–e495.
4 Weiser TG, Makary MA, Haynes AB, Dziekan G, Berry
WR, Gawande AA; Safe Surgery Saves Lives Measurement
and Study Groups. Standardised metrics for global surgical
surveillance. Lancet 2009; 374: 1113–1117.
5 Global Reference List of 100 Core Health Indicators (Plus
Health-related SDGs). WHO: Geneva, 2018.
6 The World Bank.World Development Indicators; 2018. http://
databank.worldbank.org/data/reports.aspx?
source=world-development-indicators [accessed 1 April
2018].
7 WHO. Global Health Observatory Data Repository: Surgical
Workforce Reported Data by Country; 2017. http://apps.who
.int/gho/data/node.main.HWF9?lang=en [accessed 6 May
2018].
8 World Health Assembly. Resolution 68.15 Strengthening
Emergency and Essential Surgical Care and Anaesthesia as a
Component of Universal Health Coverage. WHO: Geneva,
2015.
9 World Health Assembly.WHA Decision 70.22. WHO:
Geneva, 2017.
10 Hogan DR, Stevens GA, Hosseinpoor AR, Boerma T.
Monitoring universal health coverage within the Sustainable
Development Goals: development and baseline data for an
index of essential health services. Lancet Glob Health 2018; 6:
e152–e168.
11 WHO. Global Health Observatory Data Repository: Health
Expenditure per Capita (US$); 2017. http://apps.who.int/gho/
data/node.main.HWF9?lang=en [accessed 6 May 2018].
12 WHO.World Health Statistics 2018 – Monitoring Health for
the SDGs. WHO: Geneva, 2018.
13 Esquivel MM, Uribe-Leitz T, Makasa E, Lishimpi K,
Mwaba P, Bowman K et al. Mapping disparities in access to
safe, timely, and essential surgical care in Zambia. JAMA
Surgery 2016; 151: 1064–1069.
14 Redivis. https://redivis.com [accessed 28 July 2018].
15 OpenStreetMap. https://www.openstreetmap.org [accessed
29 March 2018].
16 WorldPop. http://www.worldpop.org.uk [accessed 29 March
2018].
17 Holmer H, Lantz A, Kunjumen T, Finlayson S, Hoyler M,
Siyam A et al. Global distribution of surgeons,
anaesthesiologists, and obstetricians. Lancet Glob Health 2015;
3(Suppl 2): S9–S11.
18 Weiser TG, Haynes AB, Molina G, Lipsitz SR, Esquivel
MM, Uribe-Leitz T et al. Size and distribution of the global
volume of surgery in 2012. Bull World Health Organ 2016; 94:
201–209F.
19 CPI Inflation Calculator. https://data.bls.gov/cgi-bin/cpicalc
.pl [accessed 20 May 2018].
20 Shrime MG, Dare A, Alkire BC, Meara JG. A global
country-level comparison of the financial burden of surgery.
Br J Surg 2016; 103: 1453–1461.
21 Shrime MG, Dare AJ, Alkire BC, O’Neill K, Meara JG.
Catastrophic expenditure to pay for surgery worldwide: a
modelling study. Lancet Glob Health 2015; 3(Suppl 2):
S38–S44.
22 Young S, Perry WR, Leodoro B, Nosa V, Bissett I, Windsor
JA et al. Challenges and opportunities in the provision of
surgical care in Vanuatu: a mixed methods analysis.
World J Surg 2016; 40: 1865–1873.
23 WHO. European Health for All Database (HFA-DB) –
Number of Physicians, Surgical Group of Specialties (PP);
Number of Physicians, Obstetric and Gynaecological Group of
Specialties (PP); 2017. https://gateway.euro.who.int/en/
datasets/european-health-for-all-database/ [accessed 23
October 2017].
© 2018 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e138–e150
on behalf of BJS Society Ltd.
Collection, comparability and findings of six global surgery indicators e149
24 WHO. European Database on Human and Technical Resources
for Health (HlthRes-DB) – Surgical Group of Specialists, Total;
2016. https://gateway.euro.who.int/en/datasets/european-
database-on-human-and-technical-resources-for-health/
[accessed 23 October 2017].
25 Wilson ML, Fleming KA, Kuti MA, Looi LM, Lago N, Ru
K. Access to pathology and laboratory medicine services: a
crucial gap. Lancet 2018; 391: 1927–1938.
26 Crisp N, Iro E. Nursing Now campaign: raising the status of
nurses. Lancet 2018; 391: 920–921.
27 Peck G, Saluja S, Blitzer DN, Sarma D, Anderson GA,
Rodas E et al. Using global surgical indicators to improve
trauma care in Latin America. Bull Am Coll Surg 2017; 102:
11–16.
28 Rose J, Weiser TG, Hider P, Wilson L, Gruen RL, Bickler
SW. Estimated need for surgery worldwide based on
prevalence of diseases: a modelling strategy for the WHO
Global Health Estimate. Lancet Glob Health 2015; 3(Suppl 2):
S13–S20.
29 WHO. Classification of Diseases (ICD); 2018. http://www.who
.int/classifications/icd/en/ [accessed 6 May 2018].
30 WHO. International Classification of Health Interventions
(ICHI). http://www.who.int/classifications/ichi/en/ [accessed
6 May 2018].
31 SNOMED CT. https://www.snomed.org/snomed-ct
[accessed 6 May 2018].
32 Ouma PO, Maina J, Thuranira PN, Macharia PM, Alegana
VA, English M et al. Access to emergency hospital care
provided by the public sector in sub-Saharan Africa in 2015:
a geocoded inventory and spatial analysis. Lancet Glob Health
2018; 6: e342–e350.
33 Juran S, Broer PN, Klug SJ, Snow RC, Okiro EA, Ouma PO
et al. Geospatial mapping of access to timely essential
surgery in sub-Saharan Africa. BMJ Glob Health 2018; 3:
e000875.
34 Guest GD, McLeod E, Perry WRG, Tangi V, Pedro J,
Ponifasio P et al. Collecting data for global surgical
indicators: a collaborative approach in the Pacific Region.
BMJ Glob Health 2017; 2: e000376.
35 WHO, United Nations Population Fund, UNICEF,
Mailman School of Public Health. Averting Maternal Death
and Disability. Monitoring Emergency Obstetric Care: a
Handbook. WHO: Geneva, 2009.
36 Ebener S, Stenberg K. Investing the Marginal Dollar for
Maternal and Newborn Health: Geographic Accessibility Analysis
for Emergency Obstetric Care Services in Cambodia. WHO:
Geneva, 2016.
37 Ebener S, Stenberg K. Investing the Marginal Dollar for
Maternal and Newborn Health: Geographic Accessibility Analysis
for Emergency Obstetric Care Services in Malawi. WHO:
Geneva, 2016.
38 Ebener S, Stenberg K. Investing the Marginal Dollar for
Maternal and Newborn Health: Geographic Accessibility Analysis
for Emergency Obstetric Care services in Burkina Faso. WHO:
Geneva, 2016.
39 Chen YN, Schmitz MM, Serbanescu F, Dynes MM,
Maro G, Kramer MR. Geographic access modeling of
emergency obstetric and neonatal care in Kigoma
Region, Tanzania: transportation schemes and
programmatic implications. Glob Health Sci Pract 2017; 5:
430–445.
40 WHO. National Health Workforce Accounts: a Handbook.
WHO: Geneva, 2017.
41 Mullan F, Frehywot S. Non-physician clinicians in 47
sub-Saharan African countries. Lancet 2007; 370:
2158–2163.
42 Chu K, Rosseel P, Gielis P, Ford N. Surgical task shifting in
Sub-Saharan Africa. PLoS Med 2009; 6: e1000078.
43 Oliver L.Meet the Nurse Who Will Soon Perform Surgery on
Patients Alone; 2017. https://www.theguardian.com/
healthcare-network/2017/aug/30/nurse-perform-surgery-
patients-alone-surgical-care-practitioner [accessed 9
November 2018].
44 Bolkan HA, van Duinen A, Waalewijn B, Elhassein M,
Kamara TB, Deen GF et al. Safety, productivity and
predicted contribution of a surgical task-sharing programme
in Sierra Leone. Br J Surg 2017; 104: 1315–1326.
45 Beard JH, Oresanya LB, Akoko L, Mwanga A, Mkony CA,
Dicker RA. Surgical task-shifting in a low-resource setting:
outcomes after major surgery performed by nonphysician
clinicians in Tanzania.World J Surg 2014; 38: 1398–1404.
46 Wilson A, Lissauer D, Thangaratinam S, Khan KS,
MacArthur C, Coomarasamy A. A comparison of clinical
officers with medical doctors on outcomes of caesarean
section in the developing world: meta-analysis of controlled
studies. BMJ 2011; 342: d2600.
47 Chilopora G, Pereira C, Kamwendo F, Chimbiri A,
Malunga E, Bergstrom S. Postoperative outcome of
caesarean sections and other major emergency obstetric
surgery by clinical officers and medical officers in Malawi.
Hum Resour Health 2007; 5: 17.
48 Weiser TG, Regenbogen SE, Thompson KD, Haynes AB,
Lipsitz SR, Berry WR et al. An estimation of the global
volume of surgery: a modelling strategy based on available
data. Lancet 2008; 372: 139–144.
49 World Health Organization, United Nations Population
Fund, UNICEF, Mailman School of Public Health, Averting
Maternal Death and Disability.Monitoring Emergency
Obstetric Care: a Handbook. WHO: Geneva, 2009.
50 Bolkan HA, Von Schreeb J, Samai MM, Bash-Taqi DA,
Kamara TB, Salvesen Ø et al.Met and unmet needs for
surgery in Sierra Leone: a comprehensive, retrospective,
countrywide survey from all health care facilities performing
operations in 2012. Surgery 2015; 157: 992–1001.
51 Radford PD, Derbyshire LF, Shalhoub J, Fitzgerald JE;
Council of the Association of Surgeons in Training.
Publication of surgeon specific outcome data: a review of
implementation, controversies and the potential impact on
surgical training. Int J Surg 2015; 13: 211–216.
52 Burns EM, Pettengell C, Athanasiou T, Darzi A.
Understanding the strengths and weaknesses of public
© 2018 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e138–e150
on behalf of BJS Society Ltd.
e150 H. Holmer, A. Bekele, L. Hagander, E. M. Harrison, P. Kamali, J. S. Ng-Kamstra et al.
reporting of surgeon-specific outcome data. Health Aff
(Millwood) 2016; 35: 415–421.
53 GlobalSurg Collaborative. Mortality of emergency
abdominal surgery in high-, middle- and low-income
countries. Br J Surg 2016; 103: 971–988.
54 Anderson JE, Rose J, Noorbakhsh A, Talamini MA,
Finlayson SR, Bickler SW et al. An efficient risk adjustment
model to predict inpatient adverse events after surgery.World
J Surg 2014; 38: 1954–1960.
55 Biccard BM, Madiba TE, Kluyts HL, Munlemvo DM,
Madzimbamuto FD, Basenero A et al.; African Surgical
Outcomes Study (ASOS) investigators. Perioperative patient
outcomes in the African Surgical Outcomes Study: a 7-day
prospective observational cohort study. Lancet 2018; 391:
1589–1598.
56 GlobalSurg Collaborative. Surgical site infection after gas-
trointestinal surgery in high-income, middle-income, and
low-income countries: a prospective, international, multi-
centre cohort study. Lancet Infect Dis 2018; 18: 516–525.
57 Søreide K, Alderson D, Bergenfelz A, Beynon J, Connor S,
Deckelbaum DL et al.; International Research Collaboration
in Surgery (IRIS) ad-hoc working group. Strategies to
improve clinical research in surgery through international
collaboration. Lancet 2013; 382: 1140–1151.
58 Anderson GA, Ilcisin L, Kayima P, Abesiga L, Portal
Benitez N, Ngonzi J et al. Out-of-pocket payment for
surgery in Uganda: the rate of impoverishing and
catastrophic expenditure at a government hospital. PLoS One
2017; 12: e0187293.
59 Bruno E, White MC, Baxter LS, Ravelojaona VA,
Rakotoarison HN, Andriamanjato HH et al. An evaluation of
preparedness, delivery and impact of surgical and anesthesia
care in Madagascar: a framework for a national surgical plan.
World J Surg 2017; 41: 1218–1224.
60 Kempthorne P, Morriss WW, Mellin-Olsen J,
Gore-Booth J. The WFSA Global Anesthesia Workforce
Survey. Anesth Analg 2017; 125: 981–990.
61 Massenburg BB, Saluja S, Jenny HE, Raykar NP,
Ng-Kamstra J, Guilloux AGA et al. Assessing the
Brazilian surgical system with six surgical indicators: a
descriptive and modelling study. BMJ Glob Health 2017; 2:
e000226.
62 Republic of Zambia Ministry of Health. National Surgical,
Obstetric and Anaesthesia Strategic Plan (NSOASP) Year
2017–2021. Ministry of Health: Lusaka, 2017.
63 The United Republic of Tanzania Ministry of Health,
Community Development, Gender, Elderly and
Children. National Surgical, Obstetric and Anaesthesia Plan
(NSOAP) 2018–2025. Ministry of Health, Community
Development, Gender, Elderly and Children: Dar es Salaam,
2018.
64 WHO. Surgical Care Systems Strengthening: Developing
National Surgical, Obstetric and Anaesthesia Plans. WHO:
Geneva, 2017.
65 Program in Global Surgery and Social Change, Harvard
Medical School. National Surgical, Obstetric, and Anaesthesia
Planning Workshop; 2018. https://www.pgssc.org/dubai-
nsoap-workshop [accessed 6 May 2018].
Supporting information
Additional supporting information can be found online in the Supporting Information section at the end of the
article.
© 2018 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: e138–e150
on behalf of BJS Society Ltd.
